ABSTRACT Light traps were used to collect ceratopogonids in East Baton Rouge parish, Louisiana. In total, 46,496 ceratopogonids were sorted from 4,968 light trap collections from 20 November 2002 through 25 November 2004. Two hundred and nine pools containing specimens of 18 species of Culicoides Latreille, seven pools containing specimens of Atrichopogon Kieffer, and Þve pools containing specimens of Forcipomyia Meigen were tested for West Nile virus (family Flaviviridae, genus Flavivirus, WNV) RNA using real-time reverse transcriptase polymerase chain reaction. Five out of the 209 pools of Culicoides specimens were positive for WNV RNA.
The Þrst reported activity of West Nile virus (family Flaviviridae, genus Flavivirus, WNV) in the Western Hemisphere was in 1999, in New York state (Lanciotti et al. 1999) ; and by 2002, WNV had been reported in 44 of the 48 continental United States (CDC 2002) . Currently, WNV activity has been detected in all 48 continental states, parts of Canada, the Caribbean, and Latin America (Dauphin et al. 2004 , CDC 2005a . Since the arrival of WNV in Louisiana in 2001 (CDC 2001) , the number of human cases reported has been Ͼ100 in every year from 2002 to 2005. Much of Louisiana has abundant habitats and climate suitable for the production of Ͼ60 species of mosquitoes (Chapman and Johnson 1986) ; specimens of certain species of mosquitoes can be found in the state year-round. Louisiana lies in the Mississippi ßyway, the largest ßyway for migratory birds in North America (DeGraaf and Rappole 1995) . Given these characteristics, it is not surprising that WNV has been detected in mosquitoes and avian hosts throughout the year in Louisiana (Tesh et al. 2004 ).
In the United States, WNV has been detected in 60 species of Þeld-collected mosquitoes (CDC 2005b) . The primary enzootic vectors are members of the genus Culex (Turell et al. 2005) . However, other hematophagous arthropods may have a role in the enzootic transmission and overwintering maintenance of WNV. In Africa, Europe, and Asia, WNV also has been isolated from several tick species (Schmidt and Said 1965 , Hubálek and Halouzka 1999 , Mumcuoglu et al. 2005 . Recently, WNV was detected in specimens of Culicoides sonorensis Wirth & Jones collected in Wyoming (Naugle et al. 2004 ).
Flies of the genus Culicoides are efÞcient vectors of Ͼ40 arboviruses worldwide. The purpose of this study was to determine whether WNV RNA could be detected in ceratopogonids collected at sites in Louisiana where WNV activity had been previously found in mosquitoes and vertebrate hosts.
Materials and Methods
From 20 November 2002 to 25 November 2004, miniature CDC blacklight traps (model 512, John W. Hock Co., Gainesville, FL), baited with dry ice as a source of carbon dioxide, were used to collect ceratopogonids in East Baton Rouge parish, LA. The traps were deployed before sunset and collected after sunrise at 15 sites.
This study was conducted in conjunction with two mosquito surveillance projects. Trap sites were selected by East Baton Rouge Mosquito and Rodent Control personnel to represent a diversity of habitats (urban areas, suburban areas, parks, and agricultural land) and also were based on past WNV activity. Collections were made over two consecutives nights at 11 sites in the second and fourth week of each month for an average of 103 trap nights per site. Collections were made over two consecutives nights at 10 sites in the Þrst week and the third week of each month, except for December 2003 , January 2004 , and February 2004 for an average of 72 trap nights per site. Six of the sites were shared by both projects.
The collected insects were transported on dry ice to the Louisiana State University laboratory. All sorting was conducted using a dissecting microscope and a chill table. Ceratopogonids were separated from other insects and stored at Ϫ80ЊC until further identiÞca-tion. Subsequently, ceratopogonids were sorted into genus, and members of the genus Culicoides were identiÞed to species (Blanton and Wirth 1979) . Spec-imens (all females) were pooled by species, by site, and by date and stored at Ϫ80ЊC.
Before testing for WNV RNA, specimens were further combined into pools by species and by season (DecemberÐFebruary, MarchÐMay, JuneÐAugust, and SeptemberÐNovember). The average number of specimens per pool was 210, with a maximum of 350 and a minimum of six specimens per pool. Species for which Ͻ100 specimens were collected were pooled into a single vial. Two hundred and nine pools of Culicoides specimens, seven pools of Atrichopogon specimens, and Þve pools of Forcipomyia specimens were processed.
A sterile copper-coated steel bead (BB) and 1 ml of BA-1 diluent (Hanks M-199 salts, 3.3% bovine serum albumin, 0.034% sodium bicarbonate, 100 U/ml penicillin, 0.1 mg/ml streptomycin, 2.5 mg/ml amphotericin B, and 0.05 M Tris buffer, pH 7.4; Lanciotti et al. 2000) were added to each pool of ceratopogonids. Pools were homogenized using a Retsch MM300 mixer mill (Retsch GmbH & Co., Hann, Germany), for 5 min at 25 Hz, and then homogenates (1.2 ml of homogenate per pool) were centrifuged for 6 min at 6,200 rpm.
RNA extraction was performed according to the manufacturerÕs protocol for QIAGEN QIAamp Virus Biorobot 9604 kit (QIAGEN, Valencia, CA), except for the following modiÞcations. A BioRobot 9604 workstation was not available; therefore, all diluting and dispensing procedures were performed manually. Instead of 200 l per well, a volume of 220 l of homogenates was used. RNA was eluted from the QIAgen columns in a volume of 86 l of elution buffer, and 5 l was used for the real-time reverse transcriptase-polymerase chain reaction (RT-PCR) testing by using the TaqMan assay (Lanciotti et al. 2000 , Eisler et al. 2004 ).
For the TaqMan assay, the eluted RNA was combined with 1.45 l of diethyl pyrocarbonate doubledistilled H 2 O, 7.5 l of QuantiTect Probe PCR kit (QIAGEN), 0.2 l of QuantiTech RT mix (QIAGEN), and primer sequence forward 5Ј-TCAGCGAT-CTCTCCACCAAAG-3Ј (1160 Ð1180 genome position) and primer sequence reverse 5Ј-GGGTCAGCA-CGTTTGTCATTG-3Ј (1209Ð1229 genome position) were used to amplify the envelope gene. The WNV RNA was detected as an increase in the ßuorescence of the probe FAM-5Ј-TGCCCGACCATGGGAGAAGCTC-3Ј-BHQ1 (1186Ð1207). Results were given as cycle threshold (CT) units, i.e., the cycle number at which ßuores-cence of the probes increases (Lanciotti et al. 2000) . Pools were considered positive when CT units were Ͻ37 (Lanciotti et al. 2000 , Naugle et al. 2004 . (Table 1) . The four pools of specimens of Atrichopogon and the two pools of specimens of Forcipomyia were negative for WNV RNA. One pool out of two pools (50%) containing specimens of Culicoides arboricola Root & Hoffman, two out 108 pools (1.9%) containing specimens of Culicoides biguttatus Coquillett, and two out of 26 pools (7.7%) containing specimens of Culicoides stellifer Coquillett assayed were positive for WNV RNA. Blackmore et al. (2003) tested 575 mosquito pools collected in Florida in 2001 for WNV RNA by using RT-PCR, and they found 28 (4.9%) positive pools. In Females of the species C. arboricola are considered ornithophilic but they also can feed on mammals (Tanner and Turner 1974) . Females of the species C. stellifer are considered ornithophilic but will feed on large mammals, and females of the species C. biguttatus feed on mammals and occasionally on birds. Tanner and Turner (1974) suggested that biting midges will feed based on host availability rather than host preference. Recently, Sabio (2005) reported that specimens of C. stellifer were collected every month year-round in Louisiana. That females of the three species positive for WNV RNA will feed on both mammals and birds, and that specimens of C. stellifer can be found during the winter, suggest that ceratopogonids could play a role in maintenance of WNV in the enzootic cycles for birds or serve as bridge vectors from birds to mammals.
Results and Discussion

